To determine the clinicopathological risk factors and reliable biochemical predictors of the development of hypocalcemic symptoms after total thyroidectomy on the basis of serum calcium and intact parathyroid hormone (PTH) levels measured 1 hour after surgery, a prospective study was performed on 817 patients who underwent a total thyroidectomy with central compartment node dissection (CCND) due to well-differentiated thyroid cancer. We evaluated the correlations between hypocalcemic symptom development and clinicopathological factors. And the predictability for hypocalcemic symptom development of intact PTH cut-offs (<10 pg/mL and <20 pg/mL, resp.) according to serum calcium level subgroup was analyzed. Female gender ( < 0.001) was the only independent risk factor for hypocalcemic symptom development in multivariate regression analysis. The negative predictive value (NPV) of intact PTH, signifying nondevelopment of hypocalcemic symptoms, was higher than the positive predictive value (PPV) which signified development of hypocalcemic symptoms. In addition, when we applied the different adoption of the intact PTH cut-off according to serum calcium level, we could obtain more increased NPVs. A female gender and the application of more specific cut-offs for intact PTH according to the serum calcium levels measured 1 hour after surgery may help the patients to be more safely discharged.
Introduction
Despite every effort by endocrine surgeons to preserve the parathyroid glands during thyroid surgery, postoperative hypoparathyroidism is still one of the most common and sometimes most severe complications of a total thyroidectomy. Previous studies reported that the incidences of transient hypoparathyroidism were up to 83.0% and the incidences of permanent hypoparathyroidism ranged from 0.5% to 2% [1, 2] . Various clinicopathological profiles that increase the complexity of surgery, including large goiter, advanced thyroid carcinoma, bilateral thyroid surgery with concomitant cervical lymph node dissection, and reoperation, have been shown to increase the risk of hypoparathyroidism [3] [4] [5] [6] [7] [8] [9] .
Although hypoparathyroidism affects the homeostasis of calcium, biochemical hypoparathyroidism does not always correspond with symptomatic hypoparathyroidism [4, 5, 10] . Patients with symptomatic and biochemical hypoparathyroidism require oral or intravenous calcium and/or vitamin D supplementation and they may often progress to permanent hypocalcemia. On the other hand, asymptomatic and only biochemical hypoparathyroidism is generally known that does not cause permanent hypocalcemia. Most of these patients do not need medication. Besides considering the lower life quality of patients with hypocalcemic symptoms, the most important factor affecting the postoperative course of total thyroidectomized patients would be whether hypocalcemic symptoms develop.
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Prediction of the development or nondevelopment of hypocalcemic symptoms is very important for patients' safe discharge, because most total thyroidectomized patients are discharged either on the day of surgery or the day after surgery, recently. However, to date, the optimal protocol for the prediction of the development or nondevelopment of hypocalcemic symptoms is controversial. Herein, we performed a prospective study to identify patients at high or low risk of the development of hypocalcemic symptoms after total or completion total thyroidectomy and concurrent central compartment node dissection (CCND) in patients with well-differentiated thyroid cancer and to establish the ideal strategy for patients' safe discharge. Our hypothesis was that the cut-off of intact parathyroid hormone (PTH) level as a predictor of the development or nondevelopment of hypocalcemic symptoms should be adopted differently according to serum calcium level.
Materials and Methods

2.1.
Demographics. 1085 consecutive patients who underwent total thyroidectomy with or without CCND at Asan Medical Center between March 2008 and December 2010 were prospectively enrolled in this study. The study protocol was approved by our institutional review board. We excluded patients who had benign pathologies, who underwent lateral neck node dissection, or who did not undergo CCND. The patients with abnormal preoperative laboratory findings, including serum albumin, total calcium, alkaline phosphatase, intact PTH, or 25-OH vitamin D levels, were excluded. A total of 817 patients who underwent total thyroidectomy with CCND due to welldifferentiated thyroid cancer were enrolled in this study, finally.
Clinicopathological Characteristics and Surgical Strategy.
The clinicopathological characteristics of enrolled patients were evaluated, including age, gender, tumor size, types of cervical lymph node dissection, multiplicity, bilaterality, perithyroidal soft tissue extension, and status of lymph node metastasis (N classification). All operations were performed by a single endocrine surgeon (Yoon JH). Patients who were diagnosed with thyroid carcinoma on preoperative ultrasonography-guided fine needle aspiration cytology underwent a concomitant CCND, either ipsilateral or bilateral. A neck dissection was considered prophylactic when there was no evidence of lymphadenopathy on preoperative ultrasonography or intraoperative assessment of the central compartment.
Every effort was made to identify and preserve all parathyroid glands. However, if the parathyroid glands were not found in their usual location, no attempt was made to actively search for those glands that might be located far from the operative field. We thought that this might have subjected the parathyroid glands to unnecessary insult. If a parathyroid gland was devascularized or excised inadvertently, the gland was fragmented and immediately autotransplanted into the ipsilateral sternocleidomastoid muscle.
Postoperative Monitoring of Patients.
All patients had their serum calcium and intact PTH levels checked 1 hour after surgery completion. Routine oral calcium and vitamin D supplements were not provided in this study. Calcium supplement was determined only by the presence of hypocalcemic symptoms, irrespective of serum calcium and intact PTH levels. Hypocalcemic symptoms included perioral or facial numbness, a tingling sensation or paresthesia of the hands and/or feet, positive Chvostek's or Trousseau's signs, muscular cramp, and tetany.
Patients were educated to report when these hypocalcemic symptoms develop and were examined by the medical staff. If patients' symptoms were identified as true hypocalcemic symptoms, the patients were prescribed 3.0 to 4.5 g of oral calcium carbonate and 1000 IU of vitamin D per day. Patients with severe symptoms despite oral calcium and vitamin D supplements were treated with additional intravenous calcium infusion.
All discharged patients were extensively counseled on the recognition and management of hypocalcemic symptoms. Patients who had experienced hypocalcemic symptoms had laboratory test recheck at the first postoperative visit (3 weeks after discharge). These patients were asked to stop the medication 2 days prior to a visit to the outpatient department. If there were no more hypocalcemic symptoms after cessation of medication and their serum calcium and intact PTH levels normalized, these patients were no longer prescribed the medications. On the other hand, if the hypocalcemic symptoms developed again, these patients were prescribed the medications again and followed up every 3 months. If the hypocalcemic symptoms were relieved after cessation of calcium and vitamin D supplements within 6 months after surgery, the hypoparathyroidism was classified as transient. In all other cases, it was classified as permanent hypoparathyroidism.
Laboratory Evaluations.
Serum intact PTH levels were measured using an immunoradiometric assay (HAMILTON micorAP-2; Hamilton Company, Reno, NV) and determined from the same blood samples as the serum calcium. Serum calcium levels reported in this study were adjusted with patients' serum albumin levels and body mass index.
Study Design.
Patients were categorized into two groups, symptomatic and asymptomatic, based on the presence of hypocalcemic symptoms and subdivided into three subgroups according to their serum calcium levels: ≤7.9 mg/dL, 8.0∼8.5 mg/dL, and ≥8.6 mg/dL. The cut-off of intact PTH as a predictor of the development or nondevelopment of hypocalcemic symptoms was determined and calculated as 10 pg/mL and 20 pg/mL, respectively. First, the clinicopathological risk factors for the development of hypocalcemic symptoms were evaluated by univariate and multivariate regression analysis. Then, the predictability of intact PTH levels (10 pg/mL and 20 pg/mL) measured on the day of surgery for the development or nondevelopment of hypocalcemic symptoms was determined on the basis of serum calcium levels (≤7.9 mg/dL, 8.0∼8.5 mg/dL, and ≥8.6 mg/dL). 
Results
Incidence of Hypocalcemic Symptoms.
Among the enrolled patients, 345 (42.2%) developed hypocalcemic symptoms (Table 1) . Hypocalcemic symptoms developed frequently even in patients with serum calcium levels ≥8.0 mg/dL (39.5%, 217/686). However, most of these patients had serum intact PTH less than 10 pg/mL (52.8%, 263/498) ( Table 2) . Permanent hypoparathyroidism was seen in only seven patients (0.7%).
Clinicopathological Risk Factors for Hypocalcemic Symptoms Development.
In univariate regression analysis, younger patients (<45 years old; = 0.025), female patients ( < 0.001), and patients who underwent bilateral CCND ( = 0.033) more frequently developed hypocalcemic symptoms. In multivariate regression analysis, female gender (odds ratio: 1.62; 95% confidence interval: 1.30∼2.02; < 0.001) was found to be the only independent risk factor for the development of hypocalcemic symptoms (Table 1) .
Female patients also showed symptoms of hypocalcemia more frequently than male patients, when we compared the same serum calcium and intact PTH subgroups (Table 2 ). In the subgroups which had intact PTH ≥ 10 pg/mL, female patients had tendency to develop hypocalcemic symptoms compared to male patients, although the number of patients with hypocalcemic symptoms was too small to perform analysis. However, in the subgroups which had intact PTH < 10 pg/mL, the frequency of hypocalcemic symptoms was significantly higher in female patients than in male patients.
Biochemical Prediction of Hypocalcemic Symptom Development.
We determined and calculated the cut-offs of intact PTH as a biochemical predictor of the development or nondevelopment of hypocalcemic symptoms as <10 pg/mL and <20 pg/mL, respectively, according to the three serum calcium subgroups (≤7.9 mg/dL, 8.0∼8.5 mg/dL, and ≥8.6 mg/dL) ( Table 3 ). All subgroups had high sensitivity, signifying development of hypocalcemic symptoms, but their specificities showed low values. Based on each intact PTH cut-off, its negative predictive value (NPV), signifying nondevelopment of hypocalcemic symptoms, was generally higher than its positive predictive value (PPV), signifying the possibility of the development of hypocalcemic symptoms. In the 8.0∼8.5 mg/dL and ≥8.6 mg/dL serum calcium subgroups, the NPVs of intact PTH < 20 pg/mL were higher than those of intact PTH < 10 pg/mL. Besides, among the patients with intact PTH < 10 or 20 pg/mL, the ≥8.0 mg/dL serum calcium subgroups had higher NPVs than the ≤7.9 mg/dL.
Discussion
We here report our results of a prospective study to predict the development or nondevelopment of hypocalcemic symptoms after total thyroidectomy with CCND in patients with welldifferentiated thyroid cancer. On the basis of our findings, female gender is an independent risk factor for the development of hypocalcemic symptoms (odds ratio: 1.62; 95% confidence interval: 1.30-2.02; < 0.001). Furthermore, even in the same range of serum calcium and intact PTH levels, female patients feel hypocalcemic symptoms more frequently than male patients ( < 0.001). To our knowledge, this is the first report to describe a difference in the development of hypocalcemic symptoms according to sex. Hence, this gender difference may be considered an important risk factor when establishing a discharge plan for total thyroidectomized patients. We also found that the intact PTH level measured on the day of surgery (1 hour after surgery) may be a valuable biochemical marker for predicting the nondevelopment of hypocalcemic symptoms, resulting in patients' safe early discharge. However, the intact PTH cut-offs should be adopted differently on the basis of serum calcium levels to minimize missing a delayed development of hypocalcemic symptoms.
With the increasing preference for shorter hospital stays, measurement of intact PTH alone or in combination with other biochemical parameters after total thyroidectomy has been used recently as a predictor of postoperative hypoparathyroidism [2, 5, [11] [12] [13] . In most previous studies [2, 3, 6, 7, [14] [15] [16] [17] [18] [19] , the predictive ability of serum intact PTH alone, using either a quick or a standard intact PTH assay, has been reported to be considerable, with a sensitivity ranging from 64% to 100% and a specificity of 72% to 100%. Both absolute levels and percent decline have also been reported to be used with similar accuracy. However, some study series recommended abandoning the use of postoperative intact PTH alone for predicting postoperative hypoparathyroidism. Lombardi et al. [20] concluded that intact PTH lacked the accuracy needed to predict hypoparathyroidism. In their large series of 523 consecutive patients who underwent total thyroidectomy, they found normal intact PTH levels at 4 postoperative hours in 70 hypocalcemic patients (13.4% false negative results), 11 of whom were symptomatic. They concluded that intact PTH alone did not accurately predict clinically relevant postoperative hypocalcemia and that the optimal cut-offs of intact PTH considering serum calcium levels should be needed. In another large series in which del Rio et al. [21] examined 1006 patients undergoing thyroidectomy, the authors concluded that a single measurement of intact PTH level 24 hours after thyroidectomy was not predictive of hypocalcemia. Intact PTH levels at 24 hours were within normal limits in 52 of these 101 patients (false negative rate of 20.6%). Moreover, another review of 458 patients undergoing thyroidectomy also found that 7% of patients with normal intact PTH levels developed hypocalcemia [1] .
Recent studies have validated the role of postoperative intact PTH measurement in combination with serum calcium levels in predicting postthyroidectomy hypocalcemia and preventing its symptoms [3, 5] . One study stated that combined measurement of intact PTH levels (<15 pg/mL) on postoperative day 1 and serum calcium levels (<1.9 mmol/L) on postoperative day 2 had a remarkable performance (sensitivity, 96.3%; specificity, 96.1%; PPV, 86.0%; and NPV, 99.0%) in determining postthyroidectomy hypocalcemia [5] . Another study also demonstrated that changes in combined intact PTH and calcium levels 1 to 6 hours after thyroidectomy were accurate in predicting postoperative hypocalcemia [3] . In this latter study, a decline in serum intact PTH levels by more than 60%, in conjunction with a decline in serum calcium levels of more than 10%, 5 to 6 hours postoperatively had the best results (a sensitivity, specificity, and positive predictive value of 100%) for identifying patients at high risk of developing symptomatic hypocalcemia after total thyroidectomy [3] .
When designing our study, our primary end point was the presence of hypocalcemic symptoms, irrespective of serum calcium or intact PTH levels. There were two reasons for focusing on hypocalcemic symptoms. One reason was that, as mentioned previously, asymptomatic and only biochemical hypoparathyroidism is not usually known to cause permanent hypocalcemia, and these patients were reported to regain normocalcemia after an average of 2.5 postoperative days without any need for calcium supplements [4, 5, 10] . The other reason was that we did not have quick intact PTH assay kits, so we could only confirm the intact PTH levels at several days after sampling (the result was reported only three times a week in our institution). We knew that this fact might be an important limitation of our study. We considered that the optimal timing of sampling should be as soon as possible after surgery because most patients were being discharged on the day of surgery or the day after surgery. Therefore, we decided on serum calcium and intact PTH levels obtained 1 hour after surgery as biochemical markers. We also regarded that any single biochemical marker might not be enough for accurately predicting the development or nondevelopment of hypocalcemic symptoms. Therefore, the cut-off of intact PTH as a predictor of the development or nondevelopment of hypocalcemic symptoms might be adopted differently according to serum calcium subgroup.
Though specificities of intact PTH cut-off were relatively low, all sensitivities of intact PTH were very high in our study. These results were in agreement with those of other studies that showed that the intact PTH cut-off may be a valuable predictor of the development of hypocalcemic symptoms. However, our result which different adoption of the intact PTH cut-off according to serum calcium level may increase the NPV is differentiated from previous reports. Among the patients with similar PTH results, the ≥8.0 mg/dL serum calcium subgroups had higher NPV than the <8.0 mg/dL serum calcium subgroup. In the 8.0∼ 8.5 mg/dL and ≥8.6 mg/dL serum calcium subgroups, the NPVs of intact PTH <20 pg/mL were higher than those of intact PTH <10 pg/mL. Therefore, different adoption of the cut-off of intact PTH according to serum calcium levels enables patients who undergo a total thyroidectomy and CCND to be more safely discharged without calcium and vitamin D supplementation.
Conclusions
Female gender is an independent risk factor for the development of hypocalcemic symptoms in the patients with thyroid cancer. Furthermore, even in the same range of serum calcium and intact PTH levels, female patients feel hypocalcemic symptoms more frequently than male patients. This clinicopathological risk factor combined with more specific cut-offs for intact PTH, based on the serum calcium levels measured 1 hour after surgery, may help thyroid cancer patients who undergo a total thyroidectomy with CCND to be discharged more safely.
